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MAMMOTH GENE IN A FOREIGN GENOTYPE 
Figure 1 


Three field grown plants (.4, B, and C) of Nicotiana. At 1 is shown a flowering plant of 
N. rustica var. brasilia, about three feet tall. B—shows a mammoth (mm) segregant near to 
rustica, BC,Fs (i.e. backcrossed four times to rustica followed by two generations of inbreeding). 
It was over six feet tall when photographed on September 29 and subsequently failed to flower 
in short days. C—shows a mammoth plant, photographed October 17 when eleven feet tall, 
obtained by crossing a mammoth segregant (BC:F,) with a typical tabacum mammoth, thus 
demonstrating that the same recessive m gene was in each. Mammoth segregants of pure or 
mainly tabacum genotype, like plant C, eventually flower in short days. The essentially new 
non-flowering character displayed by mammoths of near-rustica constitution emphasizes that 
continuous backcrossing may, in spite of effective selection, produce anomalous results. Inset 
above shows 24 pairs of chromosomes at the first meiotic metaphase in a BC,F; segregant 
heterozygous for 
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DIFFERENTIAL PHOTOPERIOD 
RESPONSE 


From an Interspecific Gene Transfer* 


ate 


Harotp H. Smitu7 
Cornell University 


AMMOTH tobacco differs 
M from most strains by a single 

gene which, in the homozygous 
recessive condition, causes the otherwise 
day-neutral plant to flower only under 
short photoperiods*. Spontaneous oc- 
currence of this mutant has been re- 
ported a number of times in the species 
Nicotiana tabacum L. but, to the writer’s 
knowledge, never in N. rustica L. As 
part of a program to develop larger 
types of rustica, for possible increased 
nicotine production’, hybrids of this 
species with tabacum were investigated. 
Since mammoth tabacum plants develop 
many leaves under summer field condi- 
tions, due to continued vegetative 
growth in long days, there was interest 
in transferring this gene to rustica in 
order to increase the number of leaves. 


Materials and Methods 


These investigations were begun and 
the early stages carried out while the 
writer was in the U. S. Department of 
Agriculture. In 1936 segregants from 
“[(rustica var. pumila X tabacum var. 
atropurpurea) XX rustica var. brasilia| 
selfed” were made available through the 
kindness of Dr. E. E. Clayton of the 
Division of Tobacco Medicinal and 
Special Crops, Plant Industry Station, 
Beltsville, Maryland. He secured the 
original species hybrid from the Botan- 
ical Gardens, University of California. 
The largest of the segregants among the 
selfed progeny of the first hackcross to 
rustica (BC,F2) proved to be heterozy- 
gous for a mammoth gene of tabacum 


and all pedigrees reported in this paper 
are descended from this one plant. 


In the F, rustica & tabacum, chromo- 
some pairing at meiosis is variable, dis- 
tribution is irregular, and dyads are 
commonly observed’. The hybrid is 
self-sterile but will produce some seed 
when crossed back with the parental 
species. Chromosome numbers of + 72 
have been reported to occur frequently 
among backcross progeny® due to 
fertilization of unreduced F; gametes 
(24 rustica + 24 tabacum chromosomes ) 
with 24-chromosome gametes from 
either parent. The first backcross Fe 
segregant from which all stocks in this 
study descended had 70 chromosomes. 
At the first meiotic division usually at 
least 30 bivalents were formed, oc- 
casionally one trivalent, and the re- 
mainder were univalents. Commonly 
some univalents lagged and were lost 
but the majority were included in the 
microspores. Pollen was only + 25 
percent aborted and the plant was 
partially self-fertile as well as cross- 
fertile with both parental species. 
Progeny produced by self-pollinating 
this plant were extremely variable and 
after six generations of propagation by 
self-fertilization, the line was still poly- 
ploid and not pure breeding. 

The essential part of the breeding 
program consisted in repeatedly back- 
crossing plants that were homozygous 
(mm) or heterozygous (Mm) for a 
mammoth gene to N. rustica var. brasilia 
(Figure 14). The most advanced 
segregating culture reported in this 


*Published as Paper No. 257, Department of Plant Breeding, Cornell University, Ithaca, 


aX. 


+The writer wishes to express appreciation to Dr. W. E. Snyder of the Department of 


Floriculture and Ornamental Horticulture, Cornell University, for his helpful suggestions in 
regard to the photoperiod tests and for carrying out some of them. 
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per is a fourth backcross Fs. Seed 
stocks of fifth backcross Fs’s and sixth 
backcross F,’s are currently available. 


Genetic Results 


Results from a variety of crosses and 
self-pollinations through a series of 
generations are shown in Tables I and 
II. The numbers of mammoth and 
determinate (i.e., flowering under long 
day) plants are shown for each group 
of cultures. 

Among 301 Fs offspring of the BC:F: plant 
no mammoths occurred, indicating that no in- 
dividuals developed from the union of male 
and female gametes each carrying only the 
recessive gene at this mammoth locus. Back- 
crosses of the same plant to tabacum mam- 
moths produced 66 determinate to 10 mam- 
moth plants (Table II). This result, together 
with the fact that four Fs’s were proven by 
their breeding behavior to have contained a 
mammoth gene, clearly showed that the 
original BC.F: plant possessed a chromosome 
carrying the recessive m. Further indication 
that the gene involved was the same as is found 
in tabacum was afforded by the appearance 
of only mammoth plants (Figure 1C) from 
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proached pure rustica in characteristics of leaf 
and flower (Figure 2, inset). They were 
fully fertile, and pollen abortion was no higher 
than in the parental species. Cytological 
observations were made on meiotic divisions 
in a few BC.F; plants that were heterozygous 
for the mammoth gene. Twenty-four bivalents 
were found (Figure 1, inset) and meiosis was 
usually regular. There is little doubt, there- 
fore, that the mammoth gene has been incor- 
porated in a relatively pure rustica genotype. 

It was the usual practice in conducting 
these experiments to bring mammoth segre- 
gants or cuttings from them into the green- 
house in order to make crosses after flowers 
developed in late fall or winter. Among 
mammoths of the first and second backcross 
generations it was noted that some failed to 
flower. At the time, little significance was 
attached to this observation and the non- 
flowering plants were eventually discarded. 
In the third backcross. generation only one 
rustica-tabacum mammoth segregant flowered. 
All selected mammoths of the fourth backcross 
generation failed to flower under anv environ- 


TABLE T.—Results from selfing rustica-tabecum 

segrezants, h for a gene (Mm), 

in different cultures from the first to the fourth 
backcross generation to N. rustica. 


Classification Deviation of 


the cross of a BC,F, mammoth to a tabactim 
mammoth. 
Deficiencies in the number of mammoth 
plants in early selfed generations of the first BC)F, 85 1 86 —20.5 . >.0l 
and second backcrosses to rustica were, in he oe 
all probability, due to aneuploidy, consequent 44 0 a 


meiotic irregularities, and to the necessity for 


establishing crossovers of the mammoth gene 235° 45.2 
to a rustica chromosome as prerequisite to the BC.F, 108 26—.27 
obtainment of regularity in the ratios. Evi- 33 17 50 
dence that a crossover, rather than substitution 375 
or addition of a tabacum chromosome, had oc- RC.F. asi 
curred was obtained in later generations. BC,F, 277.2 
There were no significant deviations from a 
the expected ratio of determinate to mammoth BC.F; 105 — 5.2 .24—.28 
plants in various cultures of the third and BC\Fe 64 IS 
fourth backcross generations. Fourth back- spesignation of penerations: BC\F; — Fa of first back- 
cross determinate segregants closely ap- cress, BC,;Fg = Fe the fourth backcross. ; 
TABLE II.—Results of various crosses involving a mammoth gene in rustica-tabacum segregants. : 
Classification 
Cross Genotype Generation Det. Mam. Total o 
RTM*, selfed mm, self. BC,F;—-F; 0 7 9 ti 
mm. self. RC F, 4 9 13 
mm. self. BC>F3 0 41 
RTM, homoz. X tahac. mam., homoz. mm X mm BC-F, tahac 0 b 
RTM. heteroz, & tahoe. mam., homoz. Mm X mm BC-Fo X tabac 66 10 ; 
RTM, heteroz. X RTM, homoz. Mm X mm BC F, X BC-F, 54 1 68 Ww 
RTM. heteroz. X RTM, homoz. Mm X mm BC,F: X BC3Fo 43 32 78 
RTM, tomoz. X rustica mm X% MM BC-F, 52 0 52 m 
mm X MM RC. 32 0 32 he 
rustica X RTM, homoz. MM X mm RO F, 353 0 383 , 
MM X mm RC F 45 0 4 di 
dc 


*RTM = a rustica-tabacum segregant ¢ ining a h gene. 
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MAMMOTH RUSTICA RESISTS SHORT-DAY RESPONSE 
Figure 2 


Potted mammoth plants of N. tabacum (left) and of N. rustica (right) grown under 
short (8-hour) and long (24-hour) photoperiods. Note that the mammoth tabacum flowered 
in an 8-hour day, mammoth rustica did not. Inset above shows corollas (X-34) of (left to 
right): N. rustica var. brasilia, rustica-tabacum heterozygous mammoth (BC.F;) and N. 


tabacum. 


mental condition in which they were grown. 
A total of 275 such plants have been grown 
(Table I) and a number have been subjected 
to various photoperiod and grafting tests as 
described in the section below. Three plants 
that were kept in the greenhouse under nat- 
ural day lengths through the winter until 
April grew ten to eleven feet tall and devel- 
oped 70 to 75 leaves. There was no indica- 
tion of macroscopic flower buds at any time. 


The breeding program could no longer 
be continued by using segregants that 
were homozygous for the recessive mam- 
moth gene and it was necessary to use 
heterozygotes. Fortunately, these were 
distinguishable from the homozygous 
dominants, as is also the case in N. 


tabacum, by the later appearance of 
macroscopic flower buds and a some- 
what larger size of the mature plant. 


Photoperiod Tests 


Since mammoth plants in the fourth 
backcross generation to rustica failed to 
flower in the greenhouse under the 
naturally short days of late fall and 
winter, they were subjected to different 
artificially controlled photoperiods in an 
attempt to produce the sexual stage. 

On December 12, 1946, cuttings of a BG.Fs 
mammoth were placed under conditions of six 


hours of light (8:00 a.m. to 2.00 p.m.) in a 
24-hour cycle. The experiment con- 
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tinued until February 13, 1947, at which time 
the cuttings had developed about 18 leaves and 
showed no evidence of flower buds. Another 
group of cuttings from the same plant and 
a BC,F: mammoth were grown in a six-hour 
day from January 3, 1947, to May 13, 1947, 
with no macroscopic flower buds observed. 
An attempt was also made to grow the cut- 
tings in a cycle of six hours of light every 
48 hours but the plants did not develop vege- 
tatively. 

Another group of tests was made in 1949 
with mammoths of the BC,F.e generation. 
Seeds of both N. tabacum var. Maryland 
Mammoth and segregating populations of 
BC,Fo rustica mammoths were sown in early 
April. The seedlings were grown under 
long photoperiods. In July the determinate 
segregants, viz., 1/\/ and Mm genotypes, of 
the latter culture flowered and were discarded. 
The tabacum and rustica mammoth were then 
grown under an 18-hour day length for six 
weeks to produce vigorous vegetative growth. 
Subsequently the two types were each divided 
into sublots, one of which was kept in con- 
tinuous light for six weeks and the other in 
eight hours of light to sixteen of darkness 
for six weeks. At the end of this time 
neither type of mammoth that had been grown 
under continuous light showed evidence of 
flowering. Of those grown under an eight- 
hour day the tabacum mammoths were in full 
flower but the rustica mammoths had remained 
vegetative at the end of the six-week period. 
This was proof of the different response to 
photoneriod of mammoths in two different 
specific residual genotypes (Figure 2). Sum- 
marizing, rustica mammoths have failed to 
flower under photoperiods of 6, 8, and 18 
hours in a 24-hour cycle; under continuous 
light; and in the normally short days of 
winter. Tabacum mammoths— will flower 
under any of the above short photoperiods. 

Terminal growing points of rustica mam- 
moths that had been kept under short photo- 
periods were dissected and examined for 
evidence of microscopic initials of flower 
buds. None was found. 

Various workers have concluded from their 
experimental results that the stimulus which 
initiates flowering originates in the leaves of 
plants. The view generally held at present 
is that under favorable conditions this 
stimulus may be transmitted to remote tissue 
of a plant or graft, causing it to flower with- 
out the stimulus of a favorable photoperiod. 
The presence of leaves upon the part which 
receives the flowering initiator from the donor 
leaves may prevent flowering in the receptor 
part. In view of these concepts on the origin 
and diffusion of a causitive agent in flower 
initiation, grafts of rustica mammoths with 
flowering types were undertaken in an attempt 
to transmit the flowering impulse. Moskov* 
reported some success in hastening flowering 


of Heredity 


of N. tabacum var. Maryland Mammotn 
stocks on which scions of N. rustica and N, 
tabacum var. Samsun, both day-neutral, had 
been grafted. However, Allard’ found no 
indication of transmission of a flowering 
stimulus from the leaves of day-neutral 
tabacum to grafted stems of Maryland Mam- 
moth, 

On January 22, 1947, BC.,F: mammoths 
were grafted onto stocks of N. rustica var. 
texana, an early-flowering type. The method 
of “bottle grafting” was used, a modified in- 
arching in which the scion receives water 
through its stem from a water bottle. Three 
to six leaves were left on the stocks; the 
mammoth scions were kept defoliated. On 
March 6, 1947, four successful grafts were 
still growing. There were no indications of 
flowers on the scions. One of the grafts, on 
which all the mature leaves of the stock 
eventually dropped off, was permitted to de- 
velop a few leaves on the scion and an axillary 
shoot on the stock. This shoot produced 
mature flowers on March 1, thus indicating 
that the mammoth scion did not inhibit flower- 
ing of the day-neutral stock. 

In two anomalous cases flowering has oc- 
curred in  BC,Fs mammoths. A single 
abnormal flower on each of two plants was 
noted on August 21, 1949, following an un- 
usually hot dry spell. On August 26 the 
plants were brought into the greenhouse for 
further study but the growing points became 
vegetative again and no further flowering 
occurred. It appears, then, that the rustica 
mammoths are capable of flowering but re- 
quire some as yet unknown environmental con- 
ditions of photoperiod, temperature and mois- 
ture to bring it about. 


Discussion and Summary 


The experimental results show that 
a recessive mammoth gene of N. 
tabacum when transferred by the back- 
cross method (BC4F¢) to an essentially 
complete genotype of N. rustica pro- 
duces a different photoperiod response 
than in the original parent species. 
This phenomenon is of interest in con- 


nection with the general theory of the 


use of the backcross technique in plant 
breeding. A basic assumption or re- 
quirement in the method is that a de- 


TABLE I11.—Relationship Between Genotype and 


Photoperiodicity 
Residual —— Gene — 
Genotype MM and Mm mm 
tabacum long day—flowers long day—no flowers 
strain short day-——flowers short day—flowers 
rustica long day—flowers long day—no flowers 


short day—flowers short day—no flowers 


Smith: Photoperiod Response 203 


sirable heritable characteristic can, if 
technically feasible, be transferred with- 
out fundamental change in expression to 
a recurrent parent by repeated crossing 
accompanied by selection. The un- 
predictable outcome, reported here, of 
producing an essentially new character 
is of interest as an exception to the re- 
sult ordinarily expected, at least with 
simply inherited characteristics, by the 
plant breeder using the backcross 
method. 

In iight of genetical theory the result 
is not altogether unusual. As pointed 
out by Dobzhansky and Holz*: “Genes 
produce not characters but physiological 
states which, through interactions with 
the physiological states induced by all 
other genes of the organism and with 
the environmental influences, cause the 
development to assume a definite course 
and the individual to display certain 
characters at = given stage of the de- 
velopmental process.” The expression 
of this mammoth character is clearly 
dependent on the combined and separable 
influences of an enviromental factor 
(photoperiod), a single gene locus (M, 
m) and the residual genotype strain of 
these species (rustica and tabacum). 
These relationships are summarized in 


+ 


Table III. The different effect of the re- 
sidual genotypes could be due to one 
other gene but is probably caused by the 
cumulative action of modifiers. The 
result is analagous to that reported by 
Harland‘ in which a gene for antho- 
cyanin pigmentation .in Gossypium 
arboreum gave a different manifestation 
when transferred by repeated backcross- 
ing to G. hirsutum. © 

The rustica mammoth developed is of 
possible use as a test plant in studying 
extracted or synthetic substances under 
investigation as flowering stimulants. 
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MITOSIS OF THE ERYTHROCYTES 
In the Circulating Blood of Rana Pipiens 


Dace C. BRAUNGART 
Catholic University of America, Washington, D. C. 


ITOSIS of the erythrocytes in 

the blood of some amphibians has 
been previously described by Dawson.” 
Although it is known that transitional 
stages in the development of red cells 
are common in the circulating blood of 
some amphibians,? no description of 
mitosis of the erythrocytes in the cir- 
culating blood of Rana pipiens has ever 
been reported. 


*Slides prepared by W. Spaeth and P. Batten 


Smears were made from the blood of 
several dozen normal frogs and stained 
with both Wright’s and Leishman’s 
stain*. Active mitosis of the erythro- 
cytes was discovered in the circulating 
blood of three of these frogs. 

Although amitosis (Figure 3E) was 
also noted in the red cells of the circulat- 
ing blood of these frogs as has been 
described for Necturus,? active mitoses 
were by far more common. The 


| 

) 

| 

| 

| 


204 The Journal of Heredity 


| 
lag, 
MITOSIS IN FROG ERYTHROCYTES 
Figure 3 


Three frogs in sample of several dozen showed typical mitotic stages. 


red cells undergoing mitosis appeared mitotic cycle in Rana pipiens is the same 
spherical in contrast to the mature oval- as that described for urodeles by Daw- 
shaped erythrocytes. Typical prophases son?. 

(Figure 34), polar metaphases (Figure 


3B) anaphases (Figure 3C) and telo- Literature Cited 
Phases (Figure 3D) were frequently 1, CHaripper, H. A. and A. B. Dawson. 
observed. Anat. Rec. 39:301-313. 1928. 

The erythrocytic proliferations closely 5 [,wson. A. B. Amat. Rec. 45:177-187. 
resemble that found in cases of per- 1930. © ‘ j 
nicious anaemia in the warm blooded 3. Downey, H. Handbook of Hematology. 
vertebrates”. In most respects the Paul B. Hoeber, Inc. N. Y. 1 
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SEX-LINKAGE IN THE TURKEY 


V. S. ASMUNDSON 
University of California, Davis, California 


genes which modify plumage color, 
are known in the turkey (Melea- 
gris gallopavo). These are n ( Narragan- 
sett),® al (albinism), and e (brown).? 

When any of these mutant females 
are mated to homozygous Bronze males, 
the progeny are all Bronze; when a Nar- 
ragansett or brown male is mated to 
Bronze females, the male progeny are 
all Bronze, the female progeny Narra- 
gansett or brown, corresponding to the 
plumage color of the sire. Albino males 
were not reported by Hutt and Mueller.* 
The progeny of Bronze males (hetero- 
zygous for any of these sex-linked genes ) 
mated to Bronze females comprise 
Bronze males and females, and mutant 
(Narragansett, albinotic or brown) fe- 
males. 

The stocks available comprised 
Btonze, Narragansett, brown, light 
brown (Narragansett brown), and a 
Bronze male carrying the albino gene 
kindly furnished by Professors F. B. 
Hutt and J. H. Bruckner from the stock 
of the Department of Poultry Husband- 
ty, Cornell University. These were 
mated in various ways to determine the 
position of the three genes. 


T HREE sex-linked recessive mutant 


The Bronze-Narragansett-Albino- 
Locus 


Table I shows the various matings 
made to determine the linkage relations 
cf the albino gene to other sex-linked 
genes. Mating 1 was the first mating 
made to obtain albino females. The re- 
sults are in good agreement (p= >.90) 
with those expected on the basis of a 
3:1 ratio or 74.5 Bronze to 25.5 albino, 
with the latter all being females, thus 
confirming the results of Hutt and 
Mueller. 

The only albinotic female raised from 
mating 1 was mated to a Narragansett 
male (mating 2). If the two genes were 
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at different loci, the genotypes of the 
parents would be En Al, EnAl for the 
sire and ENal for the dam, and the male 
progeny would have been Bronze. In- 
stead they were all Narragansett, indi- 
cating that the genotype was as shown 
in Table I with n and al at the same 
locus, and n dominant to al. A test of 
the male progeny from mating 2 was 
made in mating 3 and gave good agree- 
ment (p= .87) with the numbers ex- 
pected (125.5 Bronze males: 62.75 Nar- 
ragansett females : 62.75 albino females ) 
on the assumption that m and al are 
alleles. 

Mating 4 produced only four progeny. 
These were all Bronze, as would be ex- 
pected whether or not and al were 
alleles. 

The other matings in Table I involve gene 
e (brown). The progeny obtained from mating 
5 show that the light brown hens carried the 
n (Narragansett) and not the N (Bronze) 
gene. The progeny agree (p= .41) with ex- 
pectation on the basis of a 3:1 ratio or 67.5 
Narragansett to 22.5 albino. 

Mating 6 gave results comparable to those 
of mating 2. If n and al were at different loci, 
Bronze male progeny would have been ex- 
pected but none was obtained, which agrees 
with expectation if 1 and al are alleles. The 
ratio of 45 Narragansett to 8 light brown does 
not deviate significantly (p= .10) from the 
39.75 to 13.25 expected on the basis of a ratio 
of 3:1. None of the males was brown, indi- 
cating that the e gene for brown is at a dif- 
ferent locus from the n, al genes. The male 
progeny of mating 7 (brown male xX albino 
female were all Bronze, and the female prog- 
eny were all brown. This agrees with expecta- 
tion if e and al are at different loci, regardless 
of the position on the chromosome of N and al. 

One of the male progeny from mating 7 was 
mated to light brown (mating 8) and Bronze 
(mating 9) hens. The results of mating 8 
agree well with expectation on the assumption 
that N, n and al are alleles and that the per- 
centage crossover between E and N is about 
31 percent (Table IL). Assuming further that 
there will be an equal number of males and 
females, the expected numbers are 20.8 Bronze, 
23.1 Narragansett, 46.2 brown, 10.4 light 
brown and 33.5 albino, with all of the al- 
binos females and all the Narragansetts and 
light brown males. This was correct for all 
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the albinos and as far as verified for the Nar- 
ragansetts and light browns. The deviations 
observed could be due to chance (p= .44). 

If » and al are at different loci the results 
of mating 8 (Table I) could be explained on 
the assumption that the genotype of the male 
was ¢eNAl,Enal. However, females of all 
colors would be expected and while that is 
not ruled out by the data for mating 8 as 
given in Table I, since complete sex data are 
not available, it is only necessary to point out 
that this would also apply to the progeny of 
mating 9. Thus, if » and ai are alleles, 34.5 
Bronze, 10.3 brown and 15.0 albinos would 
be expected from mating 9, which agrees well 
with expectation (p = .69); if n and al are 
not alleles, then Bronze, Narragansett, brown, 
light brown, and albino progeny all would 
be expected, which obviously was not realized. 

The progeny obtained from matings 1 to 9 
inclusive appear to furnish reasonably con- 
clusive support for the assumption that » and 
al are alleles. One other test, however, was 
made by mating the male progeny from mating 
8 to light brown females. Two males of each 
kind (Bronze, Narragansett, brown, and 
light brown) or a total of eight were tested. 
Thus two Bronze were started in the pen 
(mating 10-1) and were replaced after the 
hens had been laying about eight weeks with 
two Narragansett males (mating 10-3, Table 
I). If » and al are alleles, the genotypes of 
the males would be as shown in Table I (10-1, 
10-3, 11-1, and 11-3) and no albino progeny 
would be expected from the Bronze (10-1) 
and brown (11-1) males. 

If n and al are not alleles then the genotypes 
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of the male progeny of mating 8 would be 
expected to be: Bronze (mating 10-1)— 
ENALenAl or ENal,enAl; Narragansett (mat- 
ing 10-3)—Enal,enAl orEnAl, enAl; brown 
(mating 11-1)—eNAlenAl or eNal, enAl; 
light brown, enAlenAl or enal,enAl. Albino 
female progeny should be obtained from all 
four, with perhaps somewhat more from the 
brown and Narragansett males than the 
Bronze and light brown males. The results 
for matings 10-1 and 11-1 agree well with ex- 
pectation on the assumption that » and al 
are alleles (p = .70 and .50), thus indicating 
that the deviations are due to chance. On the 
other hand the difference in the number of 
albino progeny from matings 10-1 and 11-1 
on the one hand and their presence among 
the progeny of matings 10-3 and 11-3 cannot 
very well be the result of chance (p = 
< .01). The probabilities can be considered 
in another way. On the assumption that n 
and al are not alleles, half the eight males 
used in matings 10-1, 10-3, 11-1 and 11-3 
should carry the albino gene. However, none 
of the Bronze and brown males tested car- 
ried the al gene, while apparently all of the 
Narragansett and light brown males did. It 
is unlikely that this is due to chance (p = 
< .05) whereas the results agree well with 
expectation if m and al are alleles and are thus 
consistent with all of the other data in Table I. 

Eggs were set about two weeks apart. It 
will therefore be observed that not until about 
four weeks after the Bronze and brown males 
were replaced by Narragansett and light 
brown males respectively was the proportion 
of albino female progeny equal to the expected 


TABLE I. Summary of data showing position of albino gene. 


- Sire - Dam Pregeny 
Mating Plumage Narra- Light 
No. Plumage Color Genotype Color Genotype Total Bronze gansett Brown’ Brewn Albino 
1 Bronze ENEn*® Bronze EN- 94 70 2499 
2 Narragansett EnEn Albino En— 9 9 
3 Narragansett EnEn® Bronze EN-— 251 12800 6499 5999 
4 Bronze ENEN Albino En*— 4 o 
5 Narragansett EnEn*® Light Brown en— 90 71 1999 
6 Narragansett Enen Albino 53 829 
7 Brown eNeN Albino 11 4292 
8 Bronze En*eN Light Brown — 134 22 28 43 14 
9 Bronze En*®eN Bronze EN- 60 38 9992 13 
10-1* Bronze ENen Light Brown en- 96 32 18 16 30 
10-2* Bronze or Narragansett Light Brown sen 51 14 14 2 19 238 
10-3* Narragansett En*en Light Brown en 45 2 10 5 13 15 
11-1* Brown eNen Light Brown en 104 48 56 
11-2* — Brown or light brown Light Brown = en— 41 18 22 199 
11-3* — Light brown en®en Lig! ht Brown 73 4 49 2099 
* 10 and 11 indicates the pens; 10-1 or t1-1 = hatches i ra 4; 10-2 and 11-2 = hatches 5 and 6; 10-3 and 11-3 = 


hatches 7 and 8. Males were changed the same day that hatch 4 eggs were set. 


TABLE II. Results of crossover tests. The dams were all Light Brown (en —). X indicates crossovers. 


——— Sires — _ Progeny — 

Hatched or Narra- Light Crossover 

Plumage color Genotype not hatched Bronze gansett Brown Brown percent 
1947 Bronze eNEn Hatched 20x 42 30 15X 32.7 
‘ Not hatched 6x 21 26 4x 17.5 
1948 . En*®eN Hatched 19X 22 31 5X 31.2 
Not hatched 3X 6 12 9x 40.0 
1949 ay ENen Hatched 29 13X 7X 21 28.6 
Not hatched 3 5X 9x 9 $3.8 
1949 ENen Hatched 73 36X 36X 86 31.2 
Not hatched 25 11X 8X 24 27.9 
Tetals Observed 666 206X 80.9 
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one fourth of the total progeny. Moreover, 
unexpected Bronze and brown progeny oc- 
curred in hatch 7 at least four weeks after 
the males were changed. This indicates that 
fertilization by the gametes of the replacing 
males was in this case delayed much longer 
than would be expected on the basis of re- 
ports with chickens?:* which agrees with the 
data of Kosin and Wakely.5 The difference 
is not due entirely to failure to mate since 
one albino was obtained (mating 11-2) in the 
first hatch after the change in males. 
Results with the albinos are in good agree- 
ment with those reported by Hutt and Muel- 
ler.8 Of 180 albinos identified, 42 or 23.3 per- 
cent hatched. Of these five survived to ma- 
turity, or only 2.8 percent of all albinos. 
Since the albino gene forms a triple allele 
series with those for Bronze (N) and Nar- 


‘ragansett (1) it seems advisable to use the 


symbol n* for albino to suggest this relation- 
ship. 


Linkage Data 


Few albino hens survive and it is difficult 
to distinguish brown from non-brown albinos. 
For these reasons light brown (en —) fe- 
males were used as the recessive parent and 
heterozygous Bronze males were mated with 
them as shown in Table II. The albinos from 
the second male were omitted but are shown 
in Table I, mating 8. Crossovers are indicated 
by an X; hatched and unhatched are shown 
separately but sex data are omitted. 

While the percentage of crossovers among 
the unhatched groups vary widely, the aver- 
age percent crossovers for the unhatched does 
not differ significantly from the average for 
the hatched. Therefore the average percent 
crossover of 30.9 + 1.79, based on all the 
data, should be a satisfactory estimate. 


Discussion 


It is interesting to note that the triple 
allele series reported here is the second 
one for genes determining plumage col- 
or in turkeys, the other one being the 
autosomal genes B (black), b (bronze) 
and 6! (black-winged bronze).' Unlike 
the B, b, b! series the N, n, n" series 
shows a clearcut progressive decrease in 
pigmentation of the adult plumage. Thus 
the Narragansett (n) is frequently de- 
scribed as gray or light bronze because 
its plumage has less pigment than the 
plumage of the Bronze, except perhaps 
on the back. The albino down and plum- 
age, as pointed out by Hutt and Muel- 
ler is not free from pigment but the 
pigmentation is much reduced. 

Keeler, Hoffman and Shearer* have 


reported an autosomal recessive in the 
turkey which they call faded Bronze. 
Feathers kindly sent to me by Dr. Kee- 
ler appeared to be identical with those 
of the sex-linked recessive brown. This 
suggests that in this case two separate 
genes may control a step or steps in pig- 
ment formation which result in this 
change from Bronze plumage. There is 
another example in turkeys of two sepa- 
rate mutant genes which produce simi- 
lar plumage colors. These are dominant 
slate ()) and recessive slate (s/), both 
autosomal. However, in this case the 
dominant gene produces somewhat dark- 
er slate plumage than the recessive gene. 
Perhaps a comparison of the interaction 
of the faded gene (or genes) with other 
genes will indicate differences in plum- 
age color expression in addition to the 
effect of the faded gene on post hatching 
weight and vigor reported by Keeler, 
Hoffman and Shearer. The sex-linked 
brown gene (¢) has no apparent detri- 
mental effect on survival or growth, so 
in this respect the genes faded bronze 
and brown have an entirely different 
effect. 


Summary 


Matings of albino hens with Bronze and 
Narragansett males produced Bronze progeny 
respectively; the results of all other matings 
were consistent with the assumption that the 
three genes form a triple allele series with the 
order of dominance N (Bronze), » (Narra- 
gansett) and n"* (albino). 

Matings of heterozygous Bronze males to 
light brown (en—) females produced 666 
Bronze Narragansett, brown or light brown 
progeny of which 206 or 30.9 percent were 
crossover combinations between the N-n-n" 
and E-e loci. 
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A NEW TAIL-SHORT MUTATION IN THE 
MOUSE 


Whose Lethal Effects Are Conditioned by the Residual Genotypes* 


Watter C. Morcant 


NEW type of abnormal tail was 
A first observed in several off- 

spring from a_ highly inbred 
strain of mice at the National Cancer 
Institute in 1946. Circumstances sug- 
gested that a new heritable dominant 
mutation had occurred in several 
gametes of an identified normal-tailed 
male in the stock breeding colony; an 
assumption which has been confirmed 
by subsequent breeding experiments. 
The results of outcrosses of the mutant 
to other different inbred lines suggested 
that the new mutation, which is prob- 
ably lethal when homozygous within its 
own strain, acted as a dominant lethal 
in heterozygous condition when com- 
bined with certain other inbred strain 
genotypes. The breeding data leading 
to these conclusions and a preliminary 
description of the mutant will be re- 
ported in this paper. It is hoped that 
further anatomical and embryological 
observations may be reported later. 


Origin 

The only abnormal (Tail-short) mice 
ever produced by two normal-tailed 
parents were sired by male #289. In 
the sixty-third generation of brother- 
sister matings in strain C (derived from 
the Bagg albino strain) mutant tails 
were observed. The immediate pedi- 
gree and results of matings in the sixty- 
first and sixty-second generations are 
shown in Figure 5. 


Subsequently the males in the Fe 
matings were interchanged, additional 
sibs were added to ¢ 289 and the re- 
sults shown in Figure 6 were obtained. 

Thus all Tail-short progeny trace to 
§ 289 who, when mated to normaf 
sisters, produced 120 normal and 8 
Tail-short. Since none of the normal- 
tailed sibs, or their descendents trans- 
mitted the mutant condition, while the 
Tail-short animals regularly transmitted 
it, apparently it was dominant. Male 
289 was therefore either a heterozygote 
which failed to manifest the condition, 
or else a considerable fraction (8/128) 
of his gametes contained the mutation. 
The first alternative is made highly 
improbable by the fact that in a large 
population for five generations following 
the discovery of the mutation, no other 
normal-tailed male mated to normal-f 
tailed females, has produced any Tail-. 
short progeny. It is much more likely 
that the mutation occurred in a cell 
ancestral to the gametes, before the 
meiotic divisions, in male 289 ; his gonad 
thus appearing to be mosaic for this 
mutation, some sperm containing it and 
others not. 


Description in Strain C 


The mutant Tail-short condition is being 
maintained in strain C. Although it has been 
carried for eight generations the expression 
has not been altered. Measurements from 
normal-tailed strain C adult mice give body 
measurementst of 101 mm. + 1 mm. and 


*Breeding experiments carried out in the Division of Genetics at the National Cancer 
Institute while serving as Animal Husbandman, 1946—1949. Analysis of data and prepara- 
tion of 0 tat completed at Nevis Biological Station, Columbia University with advice 


of Professor L. Dunn. 


+The author acknowledges with thanks the photographs taken by Mr. S. P. Holman of 


Sarasota, Florida. 


tBody measurements are taken from the tip of the nose to the point at which the tail is 


attached to the body. 
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TAIL-SHORT MICE 
Figure 4 
Adult “tail-short” mice showing type 2 short tails which appear as a mutant in the 
sixty-second generation of an inbred strain (See Figure 5). Mice homozygous for the T-s 


gene appear to be inviable. 


tail measurements of 103 mm. + 5 mm. The 
Mutant mice have a slightly shortened body, 
85-95 mm., and grossly shortened tails. The 
tail length is variable, ranging from an ap- 
proximate straightened length of 8-45 mm. 
No tailless strain C mice have been observed. 
The Tail-short mice always possess shortened 
tails with varying numbers of flexures. These 
kinks are due to an irregular fusion of the 
vertebrae and, in cleared specimens, it has 
been observed that the Tail-short individuals 
have fewer caudal vertebrae than do the 
normals. In addition to the constant shorten- 
ing of the tail about 5 percent of the mutants 
have a fifth medial toe of normal length on 
the front foot, instead of vestigial as in the 
normal-tailed animals. One case each of 
abnormal external ear (turned ventrad) and 
flipper foot” have been noted in Tail-short 


animals. These abnormalities will be further 
discussed when dealing with the hybrids. 
Table I sets forth breeding data within 
the C strain. Pregnant females were checked 
each morning at which time litters were re- 
corded. The results indicate clearly that Tail- 
short is dominant and segregates sharply, no 
intermediates or animals of doubtful classifica- 
tion having been found. Reciprocal matings 
of Tail-short by normal always produced both 
normal and Tail-short, indicating heterozv- 
gosity of the mutants. Each of thirty Tail- 
short animals derived from Taii-short x 
Tail-short (and hence potentially homozy- 
gous for the mutation) produced both mutant 
and normal offspring in test matings. This 
suggests that the homozygous mutant is not 
viable. If this is so, then matings of norm] 
by mutant should give approximately equal 
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ORIGIN OF Ts MUTANT 
Figure 5 
The inbred line which gave rise to the Ts mutants traced back to the C-strain (Bagg 
albinos). In certain matings in the Fs generation, “tail-short” mice Ts appeared—(mnt means 


“normal tail” in this chart). 


numbers of normal and mutant offspring; 
while matings of mutant by mutant should 
give about two-thirds mutant to one-third 
normal. In each case there is a serious 
deficiency of ithe mutant phenotype. In the 
combined results of normal by mutant mat- 
ings, the mutants constitute only 563 (40.5 
percent) out of 1392 indicating a probable 
excess mortality before the birth record of 
some 15.3 percent of the mutants. When 
this is applied.as a correction to the results 
of Tail-short by Tail-short matings, it is 
found that the Tail-short offspring would 
constitute about 187 out of 310 (before the 
excess mortality occurred); that is about 
60.3 percent instead of the 66.6 percent ex- 
pected, so that even with the correction for 
mortality of heterozygotes there is not a 
close quantitative agreement with expectation. 
A final test of the assumption of lethality 
of Tail-short homozygotes will have to await 
embryological examination. 

Tail-short babies appear to have less nat- 
ural viability than their normal littermates. 
It is possible that this viability may extend 
into the pre-parturition life of the mutants 
thus accounting for the lower ratio of Tail- 
shorts. 


Effect In Hybrids 


As soon as the new mutation had been 
established in the strain C stock, some 
of the mutants were employed in out- 
crossing experiments. Chromatin from 
Tail-short strain C animals was intro- 
duced to eight different inbred strains. 


F, data from these breeding experi- 
ments and, in the case of strain C3H, 
F, and backcross data follow. 


Strain C:H and Tail-short 


Initially, Tail-short was crossed with strain 
CsH (Black agouti) to test for dominance or 
recessiveness. Upon examining litters from 
this cross it immediately became apparent 
that the F; animals would not follow the ex- 
pected pattern; the abnormal mice did not 
resemble their Tail-short parent. The new 
phenotype was distinctive in that the animal 
was tailless and had a readily identifiable 
shortened body. The mutant hybrids had 
extremely low viability and many were born 
dead. It was not uncommon to find remnants 
of embryos or complete embryos which had 
apparently been expelled prematurely appear- 
ing almost devoid of blood and sometimes 
without viscera. Occasionally there was a 
tiny filament of skin at the tail attachment 
region but it can be confidently stated that 
no caudal vertebrae were ever present. 

Reference to Table II will indicate the low 
ratio of tailless animals at birth, and of these 
more than one-half were born dead. It is 
probable that the Tail-short mutation in these 
F, animals behaves as a semi-lethal. Of the 
five tailless mice reared, four were males 
but did not breed; the female gave birth to 
one litter of three (none tailless) when mated 
to a Tail-short hybrid, then died. 

Further inspection of Table II discloses a 
new category (Tail-short’). The animals 
classified in this category differ from those 
in the Tail-short category only in tail length. 


The kinks and irregular flexutes are present 
but on inspection at birth all of these Tail- 
short’ mice appeared to have a tail of more 
than one-half normal length. Thus, in the 
F. mutant young there was an intergradua- 
tion from a very short abnormal tail to an 
abnormal tail of nearly normal length. F; 
normal parents used in the breeding tests 
were sired by a Tail-short strain C parent. 
One of the strongest points supporting the 
conclusion that Tail-short is a _ simple 
Mendelian dominant may be observed from 
the F: data of Table II. If it is a simple 
dominant it would be expected that introduc- 
tion of the mutant into a known genetic con- 
stitution, would result in normal 1:1 segrega- 
tion. Thus we see that normal parents pro- 
duce an F; average litter mean of 7.7 normals, 
and introduction of Tail-short results in 
means of 3.8 and 3.6 normal progeny from 
paternal and maternal mutants respectively. 
If there is independent segregation one 
would expect one-half as many normals pro- 
duced in the F, when one parent is Tail- 


TABLE II.—Effect of the strain C Tail-short 
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short as when neither parent is Tail-short. 
The fit here is very good. However, the 
great quantitative deficiency of mutant types 
(tailless in this case) is again noticed. A 
possible explanation for this circumstance has 
been discussed previously. It is well for 
the reader to bear in mind that the presence 
of Tail-short in an environment of one-half 
strain C;H chromatin and one-half strain C 
chromatin causes developmental processes to 
be altered to an extreme degree. The cause 
may be due either to the interaction of Tail- 
short with a newly introduced gene, as in the 
brachyury series!.3, or it may result from the 


TABLE I.—Results of matings within strain C; 
_ Offspring classified at birth 


—Parents—- Tot. Off. M.L.S. — Total — —M.L.S.— 
g Nor. T.S. Nor. T.S. 
nor. nor.* 4470 6.67 4470 — 6.67 


nor, T.S. 1156 6.36 703 3.86 
T.S. nor. 236 126 110 2.55 
T.S. T.S. 264 4.45 123) 2.05) 335 


*excludes male # 289. 


mutation in hybrids produced with strain C,H* 


=Mean per litter; Tot. B.=Total Born; Total Off. Total Offspring. 


Phenotypes M.P.L. 
9 fof Tot. B. M.L. S. Nor. TS. N.T. abn. 
Cc 384 295 84 
TS. nor. (88D) 4.63 (23D) (65D) 3.6 1.0 
C3H Cc 354 302 39 
nor. TS. (46D) 4.26 (18D) a -- (21D) 3.8 0.5 
C3H 
C-CsH_ Cc 414 288 48 67 9 
_ nor. TS, (22D) 6.0 (6D) (2D) (5D) (7D) 4.2 _ 18 
C3H-C FF, Cc 705 494 7 121 18 
nor. (23D) 6.6 (6D) (2D) (4D) (10D) 4.5 1.96 
C-C3sH_ F; C-C3H_ 803 
nor. nor. (8D) 9.13 9.13 F 
CsH-C CsH-C 767 
C-C3H F, CsH-C F, 71 
ror. nor. 8.88 a 8.88 = 
C3H-C C-CsH_ 64 
nor. nor. 10.67 10.67 
* (D) signifies born dead. 
tone mouse had a kinky-tail, which was non-heritable. 
TABLE III.—Hybrid F, data involving Tail-short 
Inbred Strain C Tot. avge. 
strain T.S. B. litter Phenotypes M.P.L 
parent parent size Nor, T.S./ TS. NT. nor. abn. 
A 2 424 3.53 424 3.53 
dba rofl 197 2.94 180 11 2.69 1.64 
(21D) (7D) (8D) 
C3H both 738 4.45 598 123 3.60 .74 
(134D) (41D) (86D) 
L ros 42 6.00 25 16 3.57 2.29 
x ea 180 6.43 99 80 3.54 2.85 
I 2 103 6.87 52 51 : 3.47 3.40 
Cszbr J 235 8.70 113 18 193 . 4.19 4.48 
302 7.74 177 125 4.54 3.20 
*In Tables I-III, T.S.=Tail Short; Nor.==Normal Tail; N. T.=Tailless; M. L. S.=Mean litter size. M. P. L. 
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OUTCROPPING OF TAIL DEFECTS 
Figure 6 


Matings in Fe showing segregation of normal-tailed (nt) and “tail-short” mice (Ts). 


response of Tail-short to a new hybrid genic 
environment. 

When treating the backcross data in Table 
II, it is suggested that the phenotype data 
from Tail-short and Tail-short’ be combined 
into one class. The Tail-short’ category 
probably results from segregation of other 
independently segregating modifying genes 
which will not be analyzed in this paper. It 
is significant to note that the means for 
normal-tailed animals per litter in the back- 
crosses, 4.2 and 4.5, approximate one-half the 
F. means of 9.13 and 9.35. Again attention 
is called to the proportionally large number 
of animals born dead in the mutant types 
(especially tailless) as compared to the 
normal-tailed mice. 


Taillessness and Polydactyly 
The tailless animals were the first 


since it reminds one of a seal’s flipper. 
The heads of all of the tailless mice are 
wider and shorter than normal, often 
with an apparent non-fusion of the 
nasals at the anterior end of the skull, 
and their bodies are shortened. Some 
tailless mice exhibit spina bifida and 
some even have a dorsal cephalic open- 
ing which is due to a failure of cranial 
fusion over the brain. Tail-short in 
this new genic environment also effects 


the coat pattern. 


The extremely low viability of the 
F, tailless mice makes them very dif- 
ficult to rear, only five reached adult- 
hood. All five had white belly-spots 
and white hairs on their front legs 


mutants of this experiment in which resulting in an apppearance as of white 
polydactyly was recognized. It was stockings. (White belly-spots were not i 
the exception rather than the rule if a found in progeny from normal strain : 
tailless individual had normal toes on C3H X normal strain C.) If the tail- . 
all four feet. Oligodactyly was ob- less mice were placed on their backs 
served in some individuals, but addi- they were incapable of uprighting them- I 
tional toes were most common. The selves. It is to be understood that the p 
most consistent feature of this syndrome _ tailless animals, resulting from strain 
was its location; the left forefoot was C3;H xX strain C Tail-shorts, possessed 
most frequently affected. The order of all of the identified abnormalities to a 
frequency is mirrored in the mutants more extreme degree. The shortened : 
resulting from outcrossing to other tail of the strain C Tail-short became 5 
strains, and has been roughly estimated no tail at all, the slightly shortened ta 
as: 80 percent left forefoot, 10-15 per- body became a conspicuously shortened m 
cent right forefoot, less than 10 per- body (approximately two-thirds normal s 
cent for both hindfeet. length), the digit irregularities were p 
Another interesting anomaly occur- more frequent and often affected several o 
ing in the tailless mutants involved a feet on the same animal. 2. 
shortening of the complete foreleg Thus genes from the CgH strain ap- r- 
which, in turn, was turned mediad. The pear to have dominant effects which . 
most descriptive phrase applicable to increase the severity of the changes in e 


this condition is a “flipper-like” leg; 


development initiated by the Tail-short 
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These newly introduced 


mutation. 
genes tend to turn the Tail-short muta- 
tion into a dominant lethal. 


Outcrossing of Tail-short to 
Other Strains 


Only Fy genetic studies have been 
carried out with strains other than C3H. 
The introduction of Tail-short into 
eight strains, not including strain C, 
has resulted in progeny types which may 
be set down in orderly arrangement, as 
in Table III. All of these strains are in- 
bred past their thirtieth filial generation, 
maintained in a sibship breeding pro- 
gram. Polydactyly, syndactyly, oligo- 
dactyly, anomalous ears and forelegs 
were all observed in a small percentage 
of the mutant hybrids. The studies will 
be individually accounted for, then a dis- 
cussion of their order in Table IIT will 
ensue. 


Strain A and Tail-short 


A large breeding colony of normal C 
females mated to normal. A males was main- 
tained for production purposes at the institute. 
Data from 329 females, involving 11,104 off- 
spring gives a litter mean of 7.74. No 
genetically abnormal-tailed F; mice were ob- 
served; although two independently different 
spontaneous tail mutations did arise in the 
pure strain A breeding colony. 

When outcrossed with C mutants, strain 
A produced only normal offspring, as seen 
in Table III. The average litter size was 
3.53, approximately one-half of 7.74 which 
was the F; litter size of normal X& normal. 
It was suspected that Tail-short behaved 
here as a complete lethal in heterozygotes. 
Preliminary dissections support this hy- 
pothesis. 


Strain dba and Tail-short 


Strain dba when crossed with C Tail-shorts 
produced an F; which was intermediate in 
ratio of tailless:normal between strains A 
and C;H. Here, a very low percentage of 
tailless mice complete embryonic develop- 
ment and are delivered at parturition 
(.164/litter). As there were no normal- 
tailed matings of strain C and dba, it is not 
possible to state definitely that the percentage 
of normal progeny is reduced. However, 

is very low for an average litter mean, 
and small litters of abnormally large in- 
dividuals predominated when Tail-short was 
introduced. None of these tailless hybrids 
was reared. 
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Strain L and Tail-short 


The data for this outcross was produced 
by five strain L females which had passed 
their prime, having produced several litters 
before being mated to Tail-short males. 
Thus, the average litter mean is probably 
slightly biased negatively. Tail-short appears 
to behave in this hybrid similarly to the way 
it behaves in the parent strain C_ genic 
environment. 


Strain Y and Tail-short 


Progeny from Y (lethal yellow) x Tail- 
short again resulted in phenotypes similar to 
strain C. Both brown and yellow females 
were employed in this study. There seemed 
to be no evidence of linkage or selectivity 
of the Tail-short mutation for the yellow 
or brown color genes in the F; mice from 
yellow females. 


Strain I and Tail-short 


Again Tail-short behaved in the hybrid as 
it had in the parent strain, producing normal 
and Tail-short phenotypes. In this population 
of 103 animals the best 50:50 ratio was 
obtained. Only one strain I male was em- 
ployed for this study. 


Strain C;;br and Tail-short 


This strain gave the largest F; mean. Most 
of the mutant mice were classified as Tail- 
short, but a few animals possessed abnormal 
tails of greater than one-half normal length 
and were classified as Tail-short’. This group 
of Fi hybrids represents the only class, in- 
cluding pure strain C, in which the abnormal 
mutants constitute more than 50 percent of 
the litter, when only one parent is itself a 
mutant. 


Strain C;;B1 and Tail-short 


This black strain was surprising in that 
all F; mutants possessed tails which were 
classified as more than one-half normal 
length at birth. Again the abnormal tails 
were irregularly flexed but the flexures were 
never to extremes. This genic combination 
provided the mutant with a straightened, 
longer tail. Thus, in these Tail-short’ mice 
the tail appeared slightly kinked but was not 
so acutely flexed as often observed in the 
C mutant stock. 


Observations in Series of F, Hybrids 


From the observations of these eight 
outcrosses and from the pure strain C 
data it is possible to form a working 
hypothesis. At least two main branches 
and possibly as many as four are rep- 
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resented by the eight strains in Table 
III. Strains A, dba, and C3H respond 
much differently to the Tail-short mu- 
tation than do strains C, L, Y, I, Cs7br 
and C57B1. It is possibile that strain 
A, in reality, possesses an allele to 
Tail-short (if it is a gene mutation) 
which causes death of the mutant 
heterozygote in utero. If the dba and 
C3H_ strains possess a different allele 
of Tail-short which results in a semi- 
lethal effect on the mutant heterozygote, 
then the first three strains are again 
divisible into two groups. Likewise, if 
the C57B1 strain gives rise to the Tail- 
short’ phenotype because of still another 
allele, it would be separated categorically 
from the other five strains in this 
branch. Thus would result four 
branches, each representing a different 
allele to Tail-short: 1) Strain A, 2) 
Strains dba and C3H, 3) Strains C, L, 
Y, I, and Cs7br, and 4) Strain C;7B1. 

Although the above hypothesis is of- 
fered as a possidle explanation, it is 
more likely that the abnormal ratio of 
strain A and the abnormal tail length of 
the strain C;7;B1 mutants are each due 
to the interaction of genic modifiers. 
This would permit us to return to the 
case in which the nine inbred strains 
are categorically divided into two main 
branches. One might assume that three 
alleles exist at the Tail-short locus on 
the chromosome. The  normal-tailed, 
or wild-type allele + is contained in six 
strains while another mutant-type allele 
t-s, causing taillessness in the F, hybrids, 
is contained in the first three strains. This 
reasoning is parallel to that employed 
in studies on the interaction of Brach- 
yury with t®, t!, etc. *. Tests to deter- 
mine the relationship of Tail-short and 
Brachyury are in progress. 

Dunn? reported that the heredity of 
Bagg albino C, of which the Tail-short 
strain is a subline, interacted with the 
effects of Sd and T in different ways. 
‘Successive backcrossing of Sd/+ to 
Bagg mice resulted in shortened tails. 
Successive backcrossing of T/+  re- 
sulted in lengthened tails, thus diminish- 
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ing the effect of 7. The same genic 
background had opposite effects on two 
tail mutations. In the current study, 
substitution of controlled genic back- 
grounds (with strains A and C;7B1 rep- 
resenting the extremes) had opposite 
effects on one mutant, T-s/+. 

As our information on mouse muta- 
tions and hybridizing experiments ac- 
cumulates, one finds it difficult to believe 
that there truly is such an animal as 
a “normal tailed mouse.” It becomes 
evident that in mice of any genic con- 
stitution there can be and probably is 
a masking of modifiers or of mutant 
recessive alleles influencing tail forma- 
tion (as in strains A, dba and C3H) 
which suppresses phenotypic expression 
of these alleles unless a new genetic 
environment, or a specific mutation, is 
provided. 

A study of three pairs of color genes; 
Aa, Bb, and Cc, in relation to the parent 
stock of the F, hybrids provided no 
correlated system for predicting the 
phenotype of the abnormal progeny. 
Likewise, an attempt to trace the main 
groups of strains each to a common 
parental type proved to be abortive. 
Strains A, dba, and C3H are used 
experimentally as high mammary-gland 
tumor strains; strains C, L, Y, I, Cgzbr 
and C;;Bl are low mammary-gland 
tumor strains. The first group has a 
high incidence of cancer of the breast 
because the mice possess the milk-agent, 
a virus or virus-like entity. It is also 
known that strain A differs from strains 
dba and C3H by having a high mam- 
mary-gland tumor incidence breed- 
ing females and a low incidence in 
virgins, while the latter two have high 
incidences in both virgins and breeders. 
The fact that the categories relating to 
carcinoma of the mammary-gland paral- 
lel the F, working pattern mentioned 
earlier is probably coincidental. No 
experiment has been conducted | to 
determine if there is an interaction of 
Tail-short with the extra-chromosomal 
milk-factor. 
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Summary 


A spontaneous dominant mutation, called 
Tail-short and assigned the symbol 7-s, has 
arisen in a highly inbred strain of mice, 
strain C. The mutation arose in the germ 
cells of a phenotypically normal male and has 
been maintained for eight generations. It is 
suspected that Tail-short behaves as a lethal 
in homozygous state within strain C; many 
mice sired by two mutant parents have 
proved to be heterozygous for Tail-short. 

When outcrossed to certain unrelated in- 
bred strains the Tail-short mutation gave rise 
to a new tailless phenotype. The multiple 
anatomical manifestations within the tailless 
mutant have been discussed. One _ strain, 
strain A, when outcrossed to animals 
heterozygous for the mutation produced no 
mutant progeny, but the fact that litters from 


such crosses were one-half the normal size 
led to the assumption that the mutation was 
lethal in combination with this strain geno- 
type. Preliminary dissections strengthen this 
assumption. 

Data from breeding experiments involving 
F, progeny from eight inbred strains, and 
F. and backcross progeny from strain C;H 
have been presented. 


Bibliography 


1. Paut and L. C. 
Genetics. 21:525-536. 1936. 

2. Dunn, L. C. Amer. Natur. 76:552-569. 
1942. 


3. ———, and S. GLEUCKSOHN-SCHOEN- 
HEIMER. Genetics. 24:587-609. 1939. 


MISSHAPEN TOES IN THREE GENERATIONS OF 
THE G. FAMILY 


—— pedigree in Figure 7 shows the occur- 
rence of misshapen and bent toes in three 
generations of the family G. The amount of 
shading is directly proportional to the degree 
of expression. 

Photographs of the toes of I-1 are not avail- 
able. However, comparison may be made with 
those of II-2. The fifth toe of I-1 was more 
greatly inclined, lying on top of the proximal 
phalanx of the fourth toe. The second toe 
overlay more of the hallux and the third toe, 
and the hallux was somewhat more inclined 
toward the other toes. The fourth toe was 
about the same in both individuals. 

Neither I-1 nor II-2 experience difficulty in 
maintaining balance or walking, even though, 
in the former no weight was placed on the 
fifth toes, and very little on the second toes. 
II-2 does place some weight on the fifth toes. 
There is some loss of comfort in standing and 
walking as heavy calluses form under the dis- 
tal ends of the fifth metatarsal bones. 

The nails of II-2 are almost flat, except for 
those of the third toes, which are markedly 
curved. Information about the toenails of I-1 
is lacking. 

_The toes of II-4 show a somewhat different 
picture. The fifth toe is about the same as 
that of II-2. The fourth toe is more inclined, 
and the first, second and third toes are normal. 

In III-1 the expression is almost unilateral, 
the effect being in a comparatively slight de- 


G family for three generations. 
of deformity is proportional to the area shaded. 


THREE GENERATIONS OF MISSHAPEN 
TOES 


Figure 7 


Misshapen toes have been transmitted in the 
The degree 
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NOT DUE TO BADLY FITTED SHOES 
Figure 8 


The misshapen toes of the fathers (4, B, II-2) in the pedigree of Figure 7 might be 
attributed to wearing shoes that had pushed his toes out of shape. One foot of each of his two 
children (III-1 and III-2—C and D) had the oddly placed toes before they ever endured the 


doubtful blessing of modern footwear. 


pression of the distal two-thirds of the third 
toe on the right foot, accompanied by a slightly 
greater nail curvature than those of the other 
toes. The photograph was taken when the 
child was three years and four months of age. 
The condition is known to have been the same 
at birth. 

The feet of III-2 exhibit the the same de- 
gree of expression as those of her brother. The 
relative positions of the hallux and the fifth 
toe are due to the baby’s movements. It is 
interesting to note that this photograph was 


taken when the baby was less than five months 
of age, before she wore shoes of any kind. 

An attempt is being made to collect data on 
collateral relatives of I-1 and I-2. 

From the data available it would appear that 
the character, tentatively called “Misshaped 
Toes” (Symbol Mt), is occasioned by a domi- 
nant autosomal gene with variable expres- 
sivity. 

M. J. GARBER 
Texas A.& M. College 


216 
: 
* 
| 
| 
] 


LORDOSIS, A MUTATION IN THE GUPPY 


Lebistes reticulatus 
Harotp L. RosENTHAL AND Rose S. ROSENTHAL* 
Monmouth County Aquarium Society 
Keyport, New Jersey 


LORDOTIC GUPPIES 
Figure 9 
Male (insert) and female showing typical lordotic condition. 


vertebral column of fish appear to 

be quite common. Aida’ has re- 
ported the inheritance of two vertebral 
mutations, “fused” and “wavy” in the 
egg laying Cyprinodont Aplocheilus 
latipes (now Orysias latipes). The two 
characters, recessive to normal and in- 
dependent of all known color genes and 
sex, result in a shortening of the fish 
due to a dorsoventral or lateral bending 
of the vertebral column. Goodrich et al. 
have reported a_ skeletal deformity, 
“Hunchback,” in the live bearing Cy- 
prinodont, Lebistes reticulatus, which is 
an autosomal recessive character and is 
present at birth. Recently, Foster et al.? 
have shown that treatment of rainbow 
trout (Salmo gairdnerti) with X-radia- 
tion prior to spawning yields a high per- 


centage of fry which exhibit skeletal de- 
formities. However, it has not been 
possible to maintain these young to 
spawning age.* The present paper re- 
ports the independent investigation on 
the genetic behavior of a lordotic allelo- 
morphic character in Lebistes reticu- 
latus. The recessive allele shall be re- 
ferred to as lordosis, and designated S. 
(Spine curved): the normal being 5S), 
(Spine normal). Typical phenotypes of 
the double recessive (S.S.) are demon- 
strated in Figure 9.+ The lordotic con- 
dition manifests itself as a severe dorso- 
ventral curvature in the shape of a modi- 
fied S. In addition, the caudad portion 
of the vertebral column may bend sharply 
to either side, becoming more promi- 
nently displayed as the fish ages. The 
character may be identical to that studied 


. ‘ore! address: Bureau of Biological Research, Rutgers University, New Brunswick, 


+The authors are indebted to Mr. James W. Atz, New York Aquarium, for supplying the 


photographs of Figure 9, and for his advice and encouragement during the investigation. 
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by Goodrich et al.* 

Two strains of lordotic guppies ob- 
tained* from commercial sources were 
designated as Strains 4 and B. Strain A 
consisted of a lordotic female guppy (P,) 
which gave birth to 22 young (F,). Of 
the young, ten exhibited strong lordosis 
at birth while the other twelve were 
normal. A working hypothesis desig- 
nated the original female parent (P1) 
as a homozygous recessive (S,S,), as- 
suming that the lordotic condition was 
recessive to the normal. The 22 young 
must therefore be either homozygous 
recessive (S,S,) or heterozygous nor- 
mal (S,S,.). This hypothesis was shown 
to be correct by the breeding experi- 
ments reported in this paper. Since vir- 
gin females were necessary for breeding 
experiments with the live bearing Cy- 
prinodonts, all of the F, fish were iso- 
lated to individual aquaria, at about one 
month of age, until sexual maturity was 
attained. This procedure assured non- 
fertilized females. 

The virgin female guppies (F,) were 
crossed with male guppies (F,) as 
shown in Table I. As the females be- 
came noticeably pregnant, they were iso- 
lated to gallon aquaria which were 
heavily planted with Nitella and Cer- 
aptopteris to prevent cannibalism. With- 
in twelve hours after the birth of a brood, 
the female was separated from the fry 
and the young were examined for the 
lordotic condition. Although a once fer- 
tilized female may bear many broods 
without subsequent refertilization, the 
females were remated with the original 
males after a short rest period. Succes- 
sive broods from any one individual 
cross were raised in separate aquaria, 
and checked daily for young which may 
have died. The experiment resulted in a 
total mortality (before sexual maturity) ° 


TABLE I. Inheritance of Lordosis in Lebistes 


reticulatus. 
Cross Found Expected 
Normal Curved Normal Curved 
> spine spine spine spine . 
£ ScSe X ScSe 0 35 0 35 
2. X ScSe 15 14 1s 14 
3. ScSe X SnSe 36 34 35 35 
4. SnSe X SnSe 34 1s 36 12 
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of 11 percent. This mortality did not 
affect the accuracy of the results, since 
the lordotic condition was present at 
birth, and easily discernable. One fish, 
however, developed a strong lordosis 
shortly before sexual maturity, although 
the condition was not apparent at birth. 
All young from a given cross were 
raised to maturity, but no evidence for 
a sex-linked inheritance could be found. 
Although the curvature interferes with 
swimming, copulation does not seem to 
be affected in any way. Fertility appears 
also to be normal with individual broods 
ranging in number from 2 to 36, depend- 
ing on the size and age of the female. 
However, newly born young are some- 
what physically hindered, and_ rarely 
escape the cannibalistic tendencies of 
either parent fish or others when born in 
community aquaria. 

The results of the breeding experi- 
ments of individual females are recorded 
in Table I. Analysis of the data indicates 
that the lordotic mutation in the guppy 
(Strain 4) is an autosomal, single-factor 
Mendelian character, recessive to the 
normal, 

Strain B was also cultured under sim- 
ilar conditions, but the lordotic condition 
of this strain was not of a genetic nature. 
Various abnormal conditions of the ver- 
tebral column have been observed by 
the authors in the following tropical 
fishes: Xiphophorus hellerit (Mexican 
swordtail), Hemigrammus _ ocellifer 
(Head and tail light), Brachydanio rerio 
(Zebra danio), Brachydanio albolincatus 
(Pearl danio), Gymnocorymbus ternetsi 
(Black tetra), and Hyphessobrycon gra- 
cilis (Glowlight tetra), but complete 
genetic studies with these species have 
not, as yet, been successful. 
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THREE PEDIGREES OF CONGENITAL 
AURICULAR SINUS 


I. W. Monte* 
University of Manitoba, Winnipeg, Canada 


first clearly described by Heu- 

singer® in 1864 is a_ well-re- 
cognized anomaly with an_ incidence 
stated by Eyle* to be 0.2 percent. The 
notion that this anomaly is the result of 
ear-piercing was disproved by Bland- 
Sutton®. It may be unilateral or 
bilateral and is most frequently situated 
in the region of the ascending limb of 
the helix*; many cases are recorded, 
however, in which it occurred in an- 
other part of the auricle or in the adjoin- 
ing cheek. According to Gates* it is 
slightly more common in females, and 
Pipkin and Pipkin’ observed that the 
left ear is affected twice as often as the 
right. 


ONGENITAL auricular sinus, 


Pedigrees 


Three pedigrees of families in which this 
anomaly was a feature are described below. 


Pedigree A 


Members of this pedigree (Figure 10.4) were 
of Scottish Nationality. The first member to 
be born with an auricular sinus was [I—4, 
a heterozygous female twin, in whom _ the 
sinus opened at the base of the ascending 
limb of the right helix. Whereas none of 
the three sons, (III—6, III—8, III—10), of 
II—4 displayed this anomaly, her only 
daughter (III—12) had a similar malformation 
affecting the ascending limb of the helix of 
both ears (Figure 10). 

In the fourth generation, I1V—2, the daugh- 
ter of III—8, has bilateral auricular sinuses 
similar to those of her aunt (III—12) while 
IV—4, like her grandmother (II—4), has a 
sinus opening on the ascending helix of the 
right ear only. The anomaly is absent from 
all other members of this pedigree. 

In II—4 and III—12 there is a “scar” just 
anterior to each sinus opening; in III—12 
the right scar is associated wth a small pit. 
In both these cases there is a history of early 


infection with purulent discharge and oc- 
casional abscess formation in the adjoining 
cheek. 

No other anomalies are known in any mem- 
bers of this pedigree with the exception of 
III—12, who has had “winging” of the left 
scapula since birth. 


Pedigree B 


In three generations of this Hebrew family 
(Figure 108) there are two members with con- 
genital auricular sinus, III—9 and III—10. 
In the former the malformation is unilateral, 
in the latter bilateral; in neither case has it 
become infected. 

Just inferior to the opening of the sinus 
in the left ear of III—9 there is a slight 
prominence beneath which can be palpated a 
small, firm mass continuous with the cartilage 
of the auricle (Figure 11B). 


Pedigree C 


Members of this pedigree (Figure 10C) are 
Hebrew. There is only one case of con- 
genital auricular sinus, III—5, in whom the 
malformation is bilateral, both sinuses being 
situated in the ascending limb of the helix. 
Slightly antero-inferior to the opening of the 
left sinus, there is a small prominence in 
which can be palpated a mass similar to that 
felt in III—9 of Pedigree B; also, just 
anterior to the same ear is a small pigmented 
mole. The sinuses have always been symp- 
tomless. 

The sinuses in the cases under discussion 
were elliptical in outline, and their depths 
ranged from one to two millimeters; their 
general direction was downwards and _for- 
wards, and in no case were they directed 
towards the external auditory meatus. How- 
ever, as Congdon et al* have stressed, growth 
of the surrounding parts may greatly alter 
the original direction of the depression or 
sinus. 


Discussion 


Usually the sinus is symptomless, but 
in some cases it becomes infected and 


*Thanks are due to Professor I. Maclaren Thompson, Department of Anatomy, University 
of Manitoba, for helpful advice and criticism; also to Messrs. M. Newman and A. Richman 


for obtaining details of two of the pedigrees. 
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THREE GENERATIONS OF “EAR PITS” 
Figure 10 


The black, and half-black symbols indicates 
the presence of auricular sinuses as indicated. 
The location of the sinuses is shown in Figure 
11. 


an abscess forms which may rupture 
through the skin of the cheek just 
anterior to the ear; frequently this re- 
sults in a fistula which may persist for 
many years. The surgical aspects of 
such cases have been discussed in the 
medical literature.1*) 5. 14, 1% 1 

In Pedigrees B and C the sinuses 
were symptomless, but, in two cases of 
Pedigree A, inflammation was an early 
feature; Penick’ on the other hand, 
in his series, found that infection did 
not usually supervene until adolescence. 

The “scar” occasionally found just 
anterior to the affected auricle is of 
some interest (Figure 11.4). Aird! has 
observed that it may be present from 
birth and is not, therefore, necessarily 
the result of post-natal infection as 
formerly supposed. No definite infor- 


mation was obtained regarding the 
“scars” in III—12 of Pedigree A, but 
the history and appearances suggest 
that infection played some part in their 
formation. 

and Weaver! have recorded 
cases in which congenital auricular 
sinus was associated with a malformed 
auricle, and Keith’! has shown that 
anomalies of the ear may be accom- 
panied by anomalies of other parts of 
the body. No members of the above 
pedigrees showed any other anomalies 
with the exception of A. III—12 who 
has had “winging” of the left scapula 
since birth, a condition which might, 
however, have resulted from birth in- 
jury and have no developmental signifi- 
cance. 

The occasional association of auricular 
sinus with a mole (C. III—5) or with 
a subcutaneous mass of pre-auricular 
cartilage (B. III—9 and C. III—5) 
has been noted by Aird! and others, 
but the significance of these structures 
is not yet known. 

It has been suggested that auricular 
sinus may result from: 


(1) Incomplete fusion of two auricu- 
lar tubercles in the early stages 
of development.’ 3 

(2) Persistence of the dorsal end 
of the first ectodermal branchial 
groove.® 7! 

(3) Folding of a developing ear com- 
ponent upon itself?. 

(4) Persistence of the dorsal end of 
the maxillo-mandibular fissure. 


Of these, (1) and (2) are generally 
considered the most likely explanations; 
(3), although it has been observed, is 
probably unusual; and (4) is thought 
to be very unlikely. Whereas the pres- 
ence of pits in the ascending limb or crus 
of the helix may be accounted for by 
any of the above hypotheses, those in the 
descending limb of the helix or in the 
lobule may be reasonably explained only 
by (1) or (3). 

The suggestion by Heusinger® and 
others that an auricular sinus is formed 
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Left 


LOCATION OF SINUSES 


Figure 11 
A shows the location of the sinuses in individual III-2 in pedigree 4 (Figure 10). The 


stippled lines outline the margins of the “scars” mentioned in the text. In both ears a sinus 
opens on the ascending limb of the helix. A small opening is present in the supero- corner of 


the right “scar.” 


B shows the left ear of III-9 of Pedigree B. The sinus opening is shown on the ascending 
limb of the helix. The dotted circle shows the position of a subcutaneous mass—possibly 


cartilage. 


by the persistent dorsal portion of the 
first ectodermal groove is open to 
criticism. In a case of coloboma auris 
described by Eggston® the terminal part 
of the fissure extends only as far as the 
scaphoid fossa and does not involve the 
margin of the auricle; if the terminal 
part of this fissure is the remains of the 
extreme dorsal portion of the first 
ectodermal groove, then, obviously a 
sinus in the helix could not be derived 
from it. 

Wood-Jones and I-Chuan*! have dis- 
credited the suggestion of His! that an 
auricular sinus results from persistence 
of the depression between two auricular 
tubercles, since these depressions are 
always shallow. This criticism, how- 
ever, ignores the dynamic state of devel- 
oping structures and overlooks the pos- 
sibility of an alteration in growth me- 
chanism which would result in the 
deepening, instead of the disappearance, 
of an inter-tubercular depression. 

It would seem unreasonable to insist 
that every case of auricular sinus devel- 
ops by the same process, as any one of 
the four mechanisms mentioned earlier 
would be capable of producing some 
form of sinus or depression. In a par- 


ticular case, however, one mechanism 
may be considered more likely than an- 
other. 


Genetic Considerations 


The heritable nature of congenital 
auricular sinus is accepted by many 
geneticists, and pedigrees have been re- 
ported showing its occurrence through 
several generations. 

According to many,!* 16 18 the mal- 
formation exhibits incomplete domi- 
nance, but one pedigree has been 
described” in which it behaved as a 
simple dominant. 

In Pedigree A (Figure 10) the sinus 
is confined to females (II—4, II—12, 
IV—2, and IV—4) and the possibility 
of sex-linkage arises; however, as only 
two of the fourth generation females 
show the anomaly, sex-linkage seems 
unlikely unless some modifying agent 
is present preventing full expression of 
the potential anomaly ‘in the other 
females. The importance of modifying 
agents in such cases has been discussed 
by Stiles?®. 

The variable manifestations of con- 
genital auricular sinus in affected mem- 
bers of the same family, as in Pedigrees 
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A and B, and the higher frequency of 
auricular sinus in, or near, the left 
auricle, await satisfactory explanation. 

In Pedigree A the sinus was trans- 
mitted but not exhibited by males; in 
Connon*’s pedigree the opposite was 
found, 

The cases in Pedigrees B and C are 
more of anatomical than of genetic in- 
terest ; but, if the anomaly in these cases 
is inherited, it has been suppressed in 
at least two generations, such suppres- 
sion being considered common in this 
particular anomaly'*. 


Summary 
Three pedigrees, in each of which several 
individuals exhibited congenital auricular 


sinuses, are described and discussed. 
The developmental mechanisms involved in 
the formation of the anomaly are considered. 
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THE KINETOSOME IN CYTOPLASMIC HEREDITY 
A Visible, Normal, Cytoplasmic Genetic Particle with a Future 


the ciliated Protozoa discussed 
[ the author in this book*, as in 

the ciliated cells of higher organisms, 
each cilium has at its inner end a visible 
granule, sometimes known as a kine- 
tosome. Lwoff’s theme is the signifi- 
cance of the kinetosome for the prob- 
lems of the cytologist, geneticist and 
embryologist. He sums up his view of 
the role of the kinetosomes in these 
words: “the morphogenesis of a ciliate 
is essentially the multiplication, distri- 
bution, and organization of populations 


*Problems of Morphogenesis in Ciliates, 
— Physiology, Institut Pasteur, Paris. 
130 pp. 


of kinetosomes and of the organelles 
which are the result of their activity.” 
Although this may be an overstate- 
ment, it is understandable and probably 
justifiable. Lwoff’s book constitutes 
both a summary of and a postscript to 
a series of papers on kinetosomes of 
certain ciliates appearing between 1923 
and 1932 by Edouard Chatton, Lwoff 
and their collaborators. At that time, 
as he says, “Chatton and I... . did not 
realize completely the possible impor- 
tance of the kinetosomes His book 


by André Lwoff, Head of the Department of 


John Wiley and Sons, Inc., N. Y. 1950, IX 
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sets forth his more recently acquired 
appreciation of the kinetosomes. Since 
he underestimated them previously, it is 
pardonable that he now leans over back- 
wards in paying off his debt of honor 
to them. This is perhaps justifiable 
because a measure of overemphasis 
helps to point up the really great pos- 
sibilities awaiting further analysis of 
the nature and role of the kinetosomes. 

Lwoff’s new respect for the kine- 
tosomes is in all probalility traceable 
to discoveries made since 1943, es- 
pecially to the demonstration that cy- 
toplasmic inheritance is a conspicuous 
feature of the genetics of Paramecium. 
This discovery and others led to dis- 
cussions of possible material cytoplasmic 
bases of inheritance. Much of the dis- 
cussion centered about the old concept 
of cytoplasmic genes or plasmagenes. 
In some quarters, these were conceived 
as invisible particles of molecular 
dimensions emanating from the nuclear 
genes. In other quarters, they were 
conceived as semi-autonomous and as 
not emanating from the genes. The 
latter conception received strong con- 
firmation from the demonstration that 
visible, semi-autonomous particles, called 
kappa, were the physical basis of the 
cytoplasmic inheritance of one type of 
trait, the killer trait in Paramecium. 
This model of a visible, self-duplicating, 
mutable, cytoplasmic particle as the 
basis of cytoplasmic inheritance had 
however, an important weakness: the 
particles were restricted to certain races 
of Paramecium; they were not of uni- 
versal occurrence. Therefore they could 
not be the basis of those examples of 
cytoplasmic inheritance found in all 
races of certain species. Lwoff realized 
that the kinetosomes constitute an ex- 
ample of a visible, self-duplicating, cy- 
toplasmic particle which is of normal 
and universal occurrence in all the 
ciliates and which visibly plays an im- 
portant role in morphogenesis. They 
might then serve as a model of normal 
visible plasmagenes. 

According to Lwoff, the kinetosome 
never arises de novo, but always arises 


° 


from division of a preexisting kine- 
tosome. Together with its presumptive 
allies, the centrioles and blepharoplasts, 
it shares the rare and important proper- 
ty of genetic continuity with the 
chromosomes of the nucleus and the 
plastids of the cytoplasm. Moreover, 
the kinetosome has varied capacities for 
development. It may develop into a 
trichocyst, trichite, a fibre, an 
axostyle, or a parabasal body, but it 
usually develops into a cilium. The 
two properties of self-duplication and 
varied capacities for development mark 
the kinetosome as an object of great 
interest for both the geneticist and em- 
bryologist. 
What determines which of the various 
alternative fates a particular kinetosome 
will have? Some of the evidence 
suggests that their fate is determined 
by their own intrinsic constitution, i.e. 
that there are genetically diverse types 


‘of kinetosomes which must therefore 


arise by mutation. The old (1897) 
theory of Henneguy concerning the 
common evolutionary origin of centriole 
and kinetosome implies that these 
granules are mutzble. As applied to 
the various kinetosomes within the body 
of a single ciliated cell, however, Lwoff 
is inclined to reject tentatively the muta- 
tion hypothesis. He repeatedly em- 


phasizes that the fate of a kinetosome is — 


determined by its immediate environ- 
ment within the cell. 

The decisive environmental factors 
are believed to vary from place to place 
within the cell at any one time, and 
at the same place in different stages of 
the cellular life cycle. If this view is 
correct, then Lwoff’s formulation of the 
role of the kinetosomes (as quoted above) 
is indeed an overstatement. The de- 
cisive factors in morphogenesis would 
then be, not the kinetosomes, but the 
unspecified and unseen cytoplasmic con- 
ditions that command the distribution, 
organization and type of development 
of the kinetosomes. The kinetosomes 
would be the instruments, not the 
agents, of morphogenesis. 

Yet Lwoff does not hold that the 
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mutation hypothesis has been excluded. 
Indeed he seems indirectly to invoke it 
on more than one occasion, as appears 
for example in one of his many attempts 
to apply the concepts of Paul Weiss’s 
“molecular ecology.” Lwoff suggests 
two seemingly antithetic applications to 
the problem of what determines the 
diverse development of different kine- 
tosomes. First, he proposes that the 
local supplies of “food’ for synethesis 
of kinetosomal material may differ 
regionally and so result in development 
of different kinetosomal structures. Sec- 
ond, he suggests that the particular 
molecular ecology prevailing in different 
regions of the cell may result in the 
selection of different genetic types of 
kinetosomes for survival in that region. 
The first application assumes genetic 
identity of all the kinetosomes, while 
the second assumes differences of muta- 
tional origin. 

Regardless of these possible applica- 
tions of molecular ecology, the question 
of a choice between the two kinds of 
interpretations remains. Do the kine- 
tosomes determine their own specific 
development or are they equipotential, 
with their intracellular environment 
deciding the course of their develop- 
ment? Whatever the answers to this 
question may be, they cannot fail to be 
of great interest and importance for 
both genetics and embryology. If the 
first possibility turns out to be the cor- 
rect one, it would show—as has been 
suspected—that there is a common basis 
and mechanism for cytoplasmic in- 
heritance and cellular differentiation. 
On the other hand, if the second pos- 
sibility proves correct, it would show 
—as has also been suspected—that self- 
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duplicating particles other than plastids J 
can have their specificities determined ¥ 
outside of themselves. The need to @ 
settle these alternatives provides the 
great possibilities for further study of 
kinetosomes. 4 

In his purpose of calling attention to J 
these interesting and important aspects J 
of the kinetosomes, Lwoff has certainly @ 
succeeded. He has, by his own admis- 
sion, made no attempt to write a treatise 7 
or give an exhaustive survey of the § 
literature. Earlier work kineto- 
somes is largely omitted and the ex- J 
amples are in the main confined to the 7 
author’s own first hand experience, 
The reader is scarcely if ever aware 
that the English was written by a 
Frenchman. But he will, I am afraid, 
be annoyed by the author’s evident 
fondness for an unfamiliar, and often 
unnecessary, technical vocabulary. He 
must, for example, be prepared to learn 
the meanings of apotomont, apotomite, 
desmodexy, kinety, kinetodesma, kine- 
toplast, phoretic, phoront, phoretoto- 
mont, phoretopalintomy, proter, proto- 
mont, hypertomont, opisthe, theront, 
and so on. Perhaps even more dis- 
turbing is the presentation, in the early 
part of the book, of inferences and in- 
terpretations for which the more impor- 
tant evidences and reasons are not given 
until later. However if these relatively 
minor difficulties are not allowed to dis- 
courage him, the reader will at the end 
be rewaded by a beautiful portrayal of a 
normal cellular component of potentially 
great significance in heredity and devel- 
opment. 


T. M. SoNNEBORN 
Indiana University 
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